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Good morning. Mr. Chairman and members of the Committee. Thank you

for the opportunity to testify today. I am the Senior Vice President. Consumer

Platforms Division. of Microsoft Corporatior Microsoft is the world's largest

publisher of software for personal computers, The Consumer Platforms Division

coordinates Microsoft's efforts in developing products for advanced consumer

,
electronic technologies, hand-held devices, set-top boxes, and other non-PC

systems, among other things.

In addition to my responsibilities at Microsoft, last fall I was appointed by

FCC Chairman Hundt to represent Microsoft in the final deliberations of the

Advisory Committee on Advanced Television Service, or "ACATS." Microsoft

had not been a member of ACATS before that appointment.

Microsoft and a number of other software publishers and computer

hardware manufacturers have formed a special task force - the Computer

Industry Coalition on Advanced Television Service, or «CICATS" - to participate

in the Advanced Television debate, I am pleased to appear on behalf of CICATS

this morning and to present its views on the draft Electromagnetic Spectrum

Management Policv Reform and Privatizatior' ,I\ct



As Chairman Pressler's draft lealslatl(·n recognizes the electromagnetic

spectrum is a valuable and increasingly scarce resource that should be managed

in a way that maximizes opportunities for technological advancements. The

development of new services that efficiently use spectrum should not be

impeded by regulatory restrictions on spectrum use that promote relatively

inefficient, less advanced services

Given the limited supply of usable spectrum. tough decisions inevitably

have to be made regarding its best uses As a general matter, members of

CICATS believe that the marketplace not government, is best equipped to make

these decisions. Government policies should be tailored to protecting the public

interest in the most desirable uses of spectrum, but the public should be the final

arbiter of which uses best serve its interests
.

If the process for allocating spectrum is slow or cumbersome, or if

spectrum regulation is unduly restrictive. development of new spectrum-based

technologies will be discouraged. Whether or not Congress determines that

spectrum should be auctioned. government policies should aim to ensure that

spectrum is available when emerging advanced services require it. Any

regulation of spectrum use that hampers technological progress should be

unequivocally justified by clear, compelling benefits to the public which could not

be achieved absent that regulation

For example. restrictions on interference with other uses of spectrum, and

regulations designed to ensure adequate spectrum for public safety,



~~"', .. ,,,..~"", ....,

transportation and national security uses clearly benefit the public and are

therefore generally justifiable. In contrast. the public interest would be poorly

served by adoption of a standard for spectrum use that would impose significant

costs on consumers and discourage future technological development.

Mandating the digital broadcast television standard (ON) proposed by

the Advanced Television Systems Committee (ATSC) will have both of these

negative effects. It is costly because the standard is not layered. All receivers

must be capable of decoding the highest resolution transmissions regardless of

whether they are capable of displaying that resolution Making the standard a

law will lock in today's view of technological capability for a very long time. Any

modifications or improvements will have to run the gauntlet of a long and
,

arduous government approval process. something with which even the members

of ATSC are already too familiar.

We do not mean to diminish the hard work of the ATSC The standard

they have proposed contains some noteworthy attributes. many of which the

computer industry supports. And if proponents of that standard believe it will

best serve the public's needs and tastes, they should be free to produce and

market products meeting the standard.

But those of us who think we can build a better mousetrap - or digitallY

receiver - should be permitted. in fact. encouraged. to try. We should not be

forced to overcome a government-mandated competitive advantage. which

adoption of the standard would amount to for its advocates. The public should



be allowed to decide what's best for them Isn t that what dnves a free market

economy and results In the greatest economic efficiency?

The robustness of this country's computer and software industries is proof

that great efficiency, innovation, and productivity can be achieved qUickly when

industry standards are voluntarily set in response to demand. Voluntary

standards work. Look at cellular telephones The FCC recognized that the

detailed standards it originally prescribed for cellular telephony were holding

back technological development in that industry, and it decided to relax its

standards and let the industry establish more advanced standards with minimal

government oversight. In doing so, the Commission acknowledged that too

much government-specification of industry standards can inhibit technological
,

progress and the availability to consumers of improved services. With Personal

Communications Service, or "PCS," the FCC took an even more liberal industry-

based approach to standards-setting. It should do the same with digital TV.

Our domestic computer and software industries - like many other

industries - have thrived in large measure because of two factors: a minimum of

government regulation , and open system architecture that permits hardware and

software produced by many different firms to interconnect smoothly and

encourages rapid. market-driven innovation Both of these factors would be

negated by the FCC's adoption of the Grand Alliance OTV standard, and the

pUblic would pay the price.
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Let's look for a moment at that standard Beyond public policy and

macroeconomic, free-market considerations there are both consumer interests

and technical drawbacks that make adoption of the standard bad policy.

First, the standard does not provide for a way to manufacture low cost

receivers. The encoding technique is monolithic If a broadcaster chooses to

send the highest resolution format a receiver must include all of the circuitry

necessary to decode that format. In a layered system, two signals are sent in

the channel simultaneously. A low resolution, easily decodable version for

smaller cheaper receivers and a higher resolution detail enhancement signal for

use by larger, more expensive high definition receivers. In the ATSC system. all

receivers, even a little 2" portable must be burdened with means to decode
,

resolution only perceivable on a large screen home theater unit. We have

determined that even five years from now a full ATSC decoder will be three times

the cost of a base layer decoder. Using the ATSC system will drive up the cost

of smaller devices and require consumers to pay for capabilities they may neither

need not want.

Second. from a technical perspective, the Grand Alliance standard is a

poor compromise. particularly with respect to its video formats. The standard

incorporates an obsolete technology, interlaced scanning, that produces an

inferior picture and makes inter-conversion for computer uses difficult. In fact,

ABC recently announced at a meeting of its affiliates that the network is leaning

heavily toward the use of progressive scanning for all its high-definition TV



production, because progressive scannIng prnduces a better pIcture and IS less

expensive. Even ACATS has admitted that progressive scanning is better

Interlace was an appropriate scheme for the analog television of 40 years ago,

but it has no place in a modern digital compressed transmission system.

But broadcasters have been using interlaced scanning for over 40 years.

Despite what ABC has said, local stations will have little incentive to replace it

with progressive scanning if the FCC adopts a digital standard that allows them

to continue to use interlaced. And this is a critical issue for the computer industry

because interlaced scanning is unacceptable for text and other computer

applications. Any interlaced transmission would have to be converted at the

receiver if it is to be used with a computer application Again, added costs for

the consumers.

These limitations of the ATSC proposal would make it more expensive for

the domestic computer and software industries to create products - both

hardware and software - that could enhance the usefulness of digital TVs by

marrying digital broadcasting and computers. For these reasons, when ACATS

voted to recommend the ATSC standard to the FCC, I abstained.

NTSC broadcast television is transmitted in an analog format. Computer

data is digital. As long as analog broadcasting continues, the convergence of

iVs and computers will be delayed. But with the advent of digital TV, interactive

applications, multimedia, and data sharing between TV and computers are all

possible. The products and services that data sharing could make possible are

6



limitless Microsoft and other firms have conwWteC1 hundreds of millions of

dollars to research and development of products and services that combine

computers and TVs: but these products may never reach the stores, at least not

at affordable prices. If overly detailed and restrictive regulatory requirements

obstruct full compatibility, product development, and competition.

The Grand Alliance says that its proposal provides "adequate"

compatibility with computers. We disagree True. some of the 18 video formats

are consistent with computer applications, but the standard also includes a

number of inconsistent formats And if a mandated standard incorporates even

one computer-unfriendly format, receiving equipment will need to perform

additional conversion and decoding of transmissions to enable interaction with

computer applications, the added cost of which will fall on the consumer.

Why does the computer industry"care about these issues? Two reasons,

mainly. First, we don't want government regulation to freeze technological

development without a compelling justification We think a better DTV standard

is possible, and we want the freedom to try it out on the market. Second, our

industry knows that computers and lVs can, and will. converge, and we want to

be able to develop products that take advantage of that convergence and bring

new benefits to the public. Who knows how advanced our National Information

Infrastructure can become, if it is allowed to.

In short, in this case, we think voluntary industry standards are better for

everyone than government-mandated standards We understand the value of



minimal government-sanctioned technical tran~;mISSlon standards for digital

broadcasting, including standards for low level digital bitstream format and

modulation technique to prevent interference with other services and would not

object to adoption of the ATSC's proposals with respect to those parameters,

absent any specified video format.

But specifying a video format is unnecessary and potentially problematic 

- exponentially so with 18 formats. We think the marketplace should dictate what

video formats it wants But if the Congress and the FCC find that the public

interest would be served by the FCC's adoption of a standard video format for

digital television the standard it adopts should be the best possible. That would

not include the hodgepodge of 18 different video formats the FCC is currently

considering. If a standard is to be adopted at all, CICATS would propose a

simpler, more technologically advanced minimum standard, offering wider

compatibility and more flexibility to develop enhancements, if the marketplace

warrants.

A year ago, computing capability was not sufficient for the level of

convergence of TVs and computers and the sophistication of applications we are

developing. It is now. Largely because computer technology is advancing at an

exponential rate, the computer industry's interest in advanced television

emerged relatively recently. The question should not be whetherTVs and

computers will ever converge seamlessly but when and whether it will be

affordable If the FCC adopts the proposed ATSC standard, the "when" will be



years from now- some say 5 to 7 years later thar If the CommissIon adopts a

simpler standard or no standard at alll\nd when convergence finally arrives, the

average consumer will be hard-pressed to afford the advanced products and

services convergence will spawn if government regulation imposes a

cumbersome, overly complex DTV standard

If the price of digital receivers and decoders is unnecessarily inflated, the

day stations will migrate to all-digital broadcasting will be delayed, and so, in

turn, will the day analog spectrum is freed for new uses. In the meantime,

precious spectrum could be wasted and consumers could be deprived of better,

and cheaper. products and services

Thank you for your time. I would be pleased to answer any questions you

might have
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Advanced Television Systems for Terrestrial
Broadcasting: Some Problems and
Some Proposed Solutions

WIUJAM F. SCHREIBER, FEll.OW.lEEE
, ..

Invited Paper

1Mftnt ptUt ofdIis paper DUcvuu 1M teqllimM1llS tMt IIIUSt
be tIWI by Il new Idevision brotltlauling ".". to IntIIimiu its
~ to the Wlr10la~ inclMtIbJ, b1'OGl1cGsun,
~fftIlIUI/lJCtII~1'J, progTtllrlp~~,ultuo,., IIIII1Ior
iriu. tIIIIl Yiewen. 1M most impol1DlJt pe7fo~ fllClOn an
~I'S~ of over-tM-oir sp«tnmJ. coverag~ lIenl'S quality,
cost, interoperabilily, and tM eJdstDICe of tJ praaicDl trrmsilion
$CmIlrio, II is CDffCludetl that all receiven JIUtl not have 1M~
pnfol'r'1tlllla, tIIIIl that Iow-anr receiven naut be CZ1ICJiIable for
1ti1ftC1itktU I«Gtioru in the ItomL If tIds YCJI'UJrioft in price and
pnfomttlllCe is JJIlIM poulbk by ."tflPriGU IIYstefft tIui,n. then
~ is facilillJtfl tIIIIl~ improvavnt over
time is rrtDde possible. as i:luired by tM Federal Commwaicarioru
Commluion. '

In the sect1N!. port of the poper, ueIIIli.qun tMt,.rrtaJ permit
....., tItae mpdmnmrs~ tlbcuued. 7JIue illcludejoint rrud
~ IDWt:e and cha1lnd c:odbIg, multiaJrrier modIIlatiort.
and hybrid IIIfGlogltli,ital codin, and trr:IIUmiuion. 1M analog
tfTIIUjorm e«jfidDus~ nIb}«:tetJ to $pread-6peetnlm procusin,. tIIIIl codMlortlt.ogonal~ multiplD: (COFDM)
is tzppIWl to the complex Irybrid 8Y"fbols to be transmitted through
the clr4NteL \briou.s rrwthotJs of..Ur.ad.on and of improving
IIOUe. "*'!elYlfCe, and IffIIltipGdc nj«diM~~ FiNJIly,
..G4tfIfPle is ,iverrofasy#efft dttItlfltltltS 1M~ Jefllimrte7US
by......, llUofll lIIIIrtbuoftlw~4bcrm«l.1M~
pI'fNidG CCIir1td«l~ aIbdt tIIlDtHT qwlity than aII'fWflly
ptfJpOMl Gll~ ~. Mtl .,..m or lIl6/wr qwlity than
IIIdI .,.,.,., .. IfUIdI of dwir ..,..-. h.,.~ RI,f
~ lit -..ch 1IICdNr.~ 4lII .pol qwlity tmd
recdwr~ tIIIIl jtIdJJJItIIta • ..". of IWCdwn of
~rCOlt tIItd peiformtllra for Jas-criticGlltppl.icado'ls.

I. 1NTROoucnON

Since the proposal by General Ins1IumeD.t CoJ:poration
(01) in 1990 for all-digital terrestrial broadc:astiD8 of bigh
definition television (HOTV), remarkable enthusiasm has
developed in many quarters for what is, in reality, a truly

ManUSCript m:eived JUly 1, 1994; revised Decembet- 22. 1994 TIll,
work was supported in part by Scitex America, loc.
~ author is with The Resean::h Laboratory of Electrorucs, Massach'J

selts InStitute of Technology. Camhndge MA 02139 USA
[EIT Log Number 9410'0("
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radical departure from cumnt practice. Digital technol
ogy, of course. had been widely accepted in many fields,
including television post-produetion and video RlCOrding~ 
Digital compression bad been the subject of an international
standanfizlltion process for several years under d1e aegis
of JPEG and MPEG. The most notable featw'eS of the
01 proposal were the degree of compression employed
and the use of digital transmission technology. All of
the earlier HDTV proposals. without exception. bad made
use of digital signal processing at encoder and decoder
and had used some degRe of digital COIIlpl'CSsion. None,
however, bad used digital traDSmission. That technique, to
the best of the author's knowledge. is curn:ntly employed
in no terrestrial broIdcasting system except for ITIDS. a
US milltazy system based on spread spectrum. The main
applications of digital transmission are curn:ntly in wired
point-to-point systems and in satellite communications. In
those media, channel impairments are much less severe
and receiver CNR1 is much more uniform than found
in terrestrial broadcasting. T'bere. noise. interfereoce. and
multipaah are particularly troublesome. and CNR varies
enormously over the population of receivers.

For 1beIe and oct. reuoDS. many in the TV industry bad
thoqbt daat all-ctilital systems were~ far in 1be~.
Di&ital propouli bid often treen viewed as roaadabout
efforu to delay HDTV. UkewiIe. it b8d beeI11be paera1ly
held (but iDc:ot'm:t) view that tJKY IIDOUDt of CClIIDpftlSSion
would be uucceptab1e because of loss of quality.

This being the case, it is natural to wonder what was
the primary motivalioD for using digital ttaDsJ:DiIsion. A
number of reasons were often giveD-better ntilization
of channel capacity, suppression of multipatb effects, and
higher resistance to noise and interference. Among those in
the computer community who have been pressing for easy
interoperability between the TV broadcasting format and

, In this paper. CNR is used for the signal-la-noise ratio at the =iver
If'lT1llnah, and SNF i~ used when [eferrin& to the recovered video

<jU'. IfTI
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As both system proponcnb and the AdvJ~(JJ\ COlllllllllc'l

on Advanced Television Systems (ACATS)2 personnel gOI

more deeply into the details of the all-digital proposals.
the first three alleged advantages were heard less and less,
TIle interoperability argument, however, is still voiced,
Since this issue is central to the subject matter of this
paper, it is dealt with in some detail in Section ID-A-3.
Tbe OCher mauas are coasideml briefly in die Appendix.
WbIl we sbaU see is 1bat digital trlDSmission pnerally
...... less ef6cieot use of dwme1 capKity than analog
or bybrid aalogIdigital transmission. However. the very
bi&b COIJlInaioD ratio (50-80) acbieYed by the c:ummtly
ptOpOMld HDTV systems reduces the data rate sufliciently
10 tbIt coded HD'IV sipals <:Ill be trusmiued 11 a gross
data rate of 20-25 Mh'a, wbich, under the riIbt coaditioos,
<:Ill be traIISIDiUed in the usual 6-MHz cbaDnel. The real
quesIion is wbeIber aU~gital traDsmission is required in
order to aIlain the required high levels ofcompression in the
source coder. As we sball show later. hybrid transmission
also permits effective compression.

In Cbe earlier American 'IV staIldardization processes
(1941 acl19S3). a vigorous caosumer-e1ed:ronics industry
speabeldcd by RCA did the development work and the

.Federal Commumcatioos Commissioo (FCC) adopted. for
the most put, 1be tnnsmissiCflormat recommended by the
industry. However, by Cbe time the formal HDTV standards
setting plo:ess started in 1987, the US ClOIISUDld'-electronics
industry bid been decimated and proposals for federal
fuDdiD& were subIequeotly rejected. Thus Cbe various de-.
velopmeat projects line~ grossly UDderfunded and all
compecitors bave worbd under unrealistically short time
scbedules.3 As a result, even !bough Cbe development work
bas been ofmoarbbly high quality, many issues were not
gival IUflicieDt study. In partic:War, not enough attention
was directed towIId Cbe cbaracteriItica that an entirely new
1V syMD oupt to have. Bqually important, very little
ll"adioo was FWD to c:odiD& medloda for tile terrestrial
c:::ta.-I wIII:il after 01 made its~ To Ibis dale. work
aa d-..el codiaa in Cbe US .... far bebiDd that in
Barape. 1'IIeIe topica ale tile..~ of Chis paper.

Wbea 'P""dna of "CGueady popwed"' HD1V systems,
we ale refea:ing to Ibe 0rIad AJIiIMe (GA) 1C:beme. (1)
wbic:h is a meldiDg of Cbe four all~ systems that were
IeIted by tile Advuced 'IeIeviJiaa 1at Center (ATI'C).
MIlly of Cbe fealUn!S of the ""ideal'" syItIem dilcaaed~ow
are intended to deal specifically with aspects of the GA
system that the author feels are questionable for terrestrial
broadcasting.

2 ACATS Was appointed by the FCC in 1987 to conduct the inquiry that
is leading to !he promUlgation of HDTV terrestrial broadcasting standard"

lit is not dear that the light schMules have produced a qui<:ker result
The fCV~rse may be tru<e. since the, opttffilstK schedules have never heel)
~t In addItion. the ,ntc:nslt'v at WhlCh the wClrk wa..... earned ow ({HV' 'J::ar
wnr~,c•.-:I .nn rhn',lm:l'< 03\"; IH('C!ud<"d nluct~ r,~(l"ldcrall{)n "I allcr~;,;li
H",ll\I',i'I;" l'"

r<'~:',"1 1 "! iLj .\Il v.lii1 i(;" t ~ , ~'

\'11\111(:[1' en i\"" PI;I\ .1 11IlK'li larfd role. Ihe dor11l:stlL

consumer-ele<::tronlCs mdustry IS much stronger, cable i,
less widespread and evidently of higher technical quality,
and satellite broadcasting is further advanced. Many fewer
terrestrial channels are available to each viewer, and a
considerable investment was made in lID·MAC, a failed
system. There bas been almost no controversy over in
tertace. as the path to digital broadcasting seems to have
beal laid out in tile cxpoctatioa of very few c::bIqes in
the studio. Digital televiskw:l of staDdIrd defiaitioa is the
evident curtalt inteatioo of cable aDd SIteI1ite iDterests
in the US. In Europe, Cb.is also seems to tJtt fk case. In
both areas. those pI""'"'g digital .mea lie ill laying
something about eveatually aoin& to HDTV. but easuring
that tile first diIitaI receivers <:Ill still fundiOll seems not
to be getting much atteDtion.

Many of the issues atdressed in this pIpeI' involve
political or ecoaomic considentions IS wen IS tecbnical
1I1Ittel"S. l'beIaOle. tile aualys.is cannotbe entildy objective,
nor can it always be quantibtive. New televisioa systems
<:Ill DO more be de$igDed completely on a quantitative basis
than can automobiles. Qualitative analysis. for example on
the question of tile best use of spectrum, is Cbe only way
to deal with some very important matters. It sbould be
clear from the context which statemeDts in Cbe paper are
the author's opinion and which are based on quantitative
analysis.

D. PROBLEMS OF 'I'ELEVlsION BaoADCASllNG

A P~rformtJN:e FQ£tors in Terrestri4l Broa.dauting

On the reasonable assumption that good solutions are
most likely to be found when the problems are most
completely and aoc:urudy defined, we Iba1l DDW set forth
the desirable properties of an entirely oew TV~ Note
that this is a much more diflicult cask than Ibat eGCOUIltCiRld
in typical aew prodac:t developmeat. A 1V.,.. JIlIIIt DOt
0Dly poduce profits for a 00IDpIIly; !t IIUIIt IIIIW tile public
intenIt for JDIII)' yars to come 1Dd'li malt be ICClIlpIaIlIe to
the IDIIIY IIIlIcleboIden~ ....... pocIacas,
equipmeal m-.sr.ccmwa, mel die viewlDa publk:. ID Cbe
case of HD'IV, an eval wider CODStituellCy bas emetpd
with the inc::zasin& use of video in other fields such IS the
cxxoputcc indnstty md mi1itlIIy equipment, IDd Cbe often
expressed desire for interopeqbWty among Cbe various
applications.<4

J) Spectrum Efficieltcy: Standing at the head of any list
of desirable attributes of a terrestrial broadcasting system
IS the effective use of radio spectrum. A useful figure of

'Th" paper does nOl concern itself With Issues. real as !hey are, such as
II'," lInp<lrtanc~ of electroniC imaging to the economic security of the US,
;ifd lhe p")ssthdHY 'hat an cmircly new development such as HDTV might
h~ ;j \". ;:!\ :01 TIl(' ·cnUI1!r', Ii) revive It' fTl"nhul1d ('()nsurn<~r rlcctrOOI('
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R= 14 - H(e)

1Al~gh this discussion is in t=ns of quantization of single samples.
it applies ~ually to more sophisticated schemes in which a 10llg train
~f.S&IIIples IS coded together as a single message. "The selection of a
hnJle number of su<::h possible messages from the infinile number lhal
'S associaled wilh unquantized analog samples is equIvalent. for lhlS
argUfl'lCnL 10 'he quantization mentJOnc:d above lOe dCC1S100 at th,'
t""('(.Clver a\ 10 which message wa..<; lranSmlHW on the ba..'j'- 01 m101ml.lfn

d"",Jrv(' ,rl :nu:l:dt~ne,~lSIOf\al ~lgnal spJ.cc i\ (Jqtllva!co, In dw \J'k~-lJ '1,01

lit if, ~lJ('q k\"('1 c,' r'l'.' (C""','cd '.J.1'Jqll"

stich <l hallllc!. the eflOI I,,',' rn,<lveled d.Jl..lIJle IS u'UJij'.

less Ulan me Shannon fale lor a number of reasons, Clear!,
if the level-spacing is too large relative to the RMS nois~,
the input must have a data rate less than the Shannon rate,
No kind of postprocessing can cure this problem. If the level
spacing is fine enough so as not to reduce the input data rate
excessively, error colTe(:tion must be used.' Very effective
error<orrection methods, using trellis coding and Viterbi
decoding. lIe DOW available. Even so, the lid recovered
data rate, R.. is reduced by any remaining errors aocording
10 the relationship

":1 .'" I

,:1 i\'

I 1!1 i i

~J I i I : J ....' " I I ~_' I), .

where 14 is the error-free transmiaioD rate, i.e.. the max
imum possible entropy of such a multilevel input 1igDaI.
and H (e) is the equivocation, or enuopy of the error
distribution. Essentially, the data tbrougbput rare is reduced
by the amount of information required to identify (and
correct) the errors £3].

When high compression ratios are achieved in the source
coder. the recovered information is usuaUy more n:adi.ly
damaged by uansmission errors. Thus. enor conection
must be used. Slwmon proved that codes exist that permit
transmission as close to the theoretical rate as desired with
as small a bit error rate (BER) as~ This involves
mnoving all of the redundlDcy from the transmitted signal.
If we could do that, we would find chat the signal was
very fraaile and that it took a loog time to resync:hronu.e
aftec an error. High cbaonel-ooding eflicieocy also implies
a large amount of delay and more expeosive prooessing. In
practice, it is unusual to achieve even 7S~ of the Shannon
rate, even at the given threshold CNR. In broadcasting, most
of the receivers have a higher CNR than that at threshold. At
these sites, dwme1 capacity is JUabet" than the transmission
rate and, tbem~ the efticieocy is lower.

Another cbarlIctaistic of effective error-<:oaection sys
tems is a very sbarp dDesbo1d. In • heavily coded system..
less tban a 14 c:bu&e in CNIl tabs ODe from perfect
RlCePtioa to DO recepcioa It all. 11Iia -.caDed ..cti1f effect"
is DOt eatirdy • hid ddJJ&. In iIaIer 10 mjpbrrize the no
man's 1aDd bet'NlleIl two cfifta'eot ItaIioas OIl the same
cbaDnel, a abarp dIIabold may be hdpful. Howevu, it
also leads to performance tbIl is very ditfeIalt in cbaracter
near the boundary of service from what is achieved in
analog craosmissioo. The viewing public is used to pictuIes
getting a little worse or a little better, but not dis8ppearing
completely, every time a truck goes by or the character of

5U~ortunalely. this term is sometimes used with the more \1P"\H~.l.'
meanmg of tranSmISSIon "'Ie m bl1' pel cycle of bandwidth

6NTSC. an industry group, promulr.3v....(j standards for tekv\~,l,)n hfll,j("
casting 10 the US '0 1941 and' 9', <, 1llC (>fof'lO\rd <;,landJrcl'-, v..,('t,·,,1, m,f'.
\Allh \\lllt- i·h.lnl'" b\' ttl,' j-l i
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technical picture and ~oul1d qualll\ that arc made available
10 each vIewer per unit of allocated spectrum This measure
depends both on the quality that can be delIvered wilh a
fixed bandwidth per program and the Dumber of different
programs that can be delivered within the overall spectrum
allocation. 1bese properties are associated with source
coding Ind cbannel coding. respectively. It is obvious that
IOUl'CC codiDg is concerned with data compression, while
c:t.aDeI codiDg is~ued with iDIel'faerKle perfClf'JDlDCe.
'the two lie d.eqal value aDd impor1aDce. They are further
cIiIcaIIed in Seccioo n-B.

'lbe 0Wilwbe1ming significance of the efticient use of
......wu IriIes from the fact tbIl IbeIe is <:oDSiderably
aae ..... tbIIl supply. The FCC, required. by the
CammaDiatIitw AJ:t. to n=plafe in the "'public ioteft:st, COD

waieDce.ad DeCelSity." must CODIIIDdy .tjud.icate among
tile dtims d. various p8rties for specttwu usipments As
mobile IppIic:atioos have become much more common, this
bas become aD iDc:reasiDsly difficult job. Television is 11 the
root or the problem since it bas more dIaD 400 MHz of the
most easily used spectrum. A bigbly ·desirable outcome of
the HD1V ~-settiog process would be to maintain or
eveo ina'eae the present level of service while substantially
declasiDg the fOCal allocated baDdwidth.

2) CoNnIge lie"'"' QlUIlity: Commercial broadcasters.
who derive 1beir iJlcc:lIDeIl from advatising. live or die
according to their coverMe. since (bey get paid on a per
viewet' basis. The main way in which !bet' compete with
each odler is by means ofprogram popularity, but they must
reICh the viewer in order to compete. They are -therefore
most tduetant to accept any new SY*m that significafltly
reduces coverage. Unfortunately, coverage must be craded
off apia:st cecbnical quality, siDee the Jatt.ec depends on the
information rate to the RCeiver. 1be tbeoretically maximum
iDfonDlIdoo rate pee unit bIIldwidIb depends primarily
011 the Iipal-to-Doise ad 1ipIl-to-iDterfen:nc::e ratios at
die RlCCiwr. 'Ibe bigber the CNIl required for a given
~. the smaller the covc:aae.. wbeCbcc limi~ by noise
or by~ 'Ibis tnldeoft' is abo affected by the
~ tlC:biewd ill the .,.. oocIer. as compcasion
dnennen theiDf~ DIe Deeded for • IiWIIl quality.
ThaI Cbc fnndameaIal queIIioe in c:overqe is wbeCber
I1IfIic:ieaIt comprasi.oo can be IICbiewld in the IOUItle coder
to -"'lin CO\Ielage wi1b a giwa quality while 11 dle
lime time permiuiD& • practical1nDIitioIl sceoario from
today'. NaIiooal 'lelevisioo Systems Committee (NTSC)6
broedcasting to whatever will replace it Because it bas
sudllow spectrum efficiency. almost everyone now agrees
albeit ~luetant1y, that NTSC must eventually be ~Placed'

a) Noise peiformance: "The theoretical (Shannon) ca
pacity, in bits per second., that is available to a receiver

1'1' »l Il.UP,-<'<,\ ('11 Ii!) 1/ j I \\11 '-,
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IJ) Co·channel inlerference: \Vhilc nOIse can be effee

tively suppressed by raising the signal power. this increases
interference to nearby stations. If all stations raised their
power by the same amount, noise sensitivity would go
down, but the interfemlCe situation would be unchanged.
In the transition scenario in which HD'lV ad NTSC ate to
coexist for 15 years, the HD1V ...uoas will be limited in
power 10 as DOt to teduce die ClJWl'IIe of NTSC ItIIioos
~y. As·a IeIOlt. tbey may be aoiIe tim'ted in
pcriaas of tWr iDtIeuded~ _ 1IIIeIe tbere is
DO poteatial hderfereace fIom ....... NTSC ItIIIioa.

ODe of tbe 1MiD cIefectI fA NI'SC II dill aU~
.. lie biPlY conelllied. Tbia~ ODe piemre to
IIPP'Ir OIl top of alOCber wIleD tbere is iaterfereDce.' for
a sma ItI-atb Iipal. iIIMafedaI wiIb. • -'os videocru.ai.... die least-prcepdble eft'ect is poduced by
sipIIs dill appear to be·ftlDCIom DOise. Wbely. this bas
beeD done in HD'IV, 1VbeIe acb sipIl IIppeIII to be
random DOiIe 10 ocher sipm. Tbis .... tb8t die required
sigoaJJiDterfemK:e ratio is virtuI1ly ideatical to the required
signa1lnoise ratio.

c) Adjtlcent~linIerfe~: This is a diftem:lt

questioD !10m cociwnnel iDterfa-eoce. since *= seems
. to be DO R:IIOIl why we' CIIIDOt use IIdjKeDt cbaDnels in

die .me Ilea provided tbItpwn bPe JOOd-eoough
se1ectivity. '!be problem .ales when a viewa' tries to
receive a diItIat Ic.doD when tbere is • oeuby station
in aD 8djllCeDt c:banne1. This is DOt only a question of
se1ectMty. it is also a qoesdoo of out.of-bad ndiation bt
the-"y ItIIioo. Tbere is • Umit to bow mucb atteouation
CaD be provided by filters 8t die uusmitter without unduly
distorting the iJI.band sipal.

This problem can be solved either by placing all trans
mittetl ill allY ODe city 8t tbe tIlDe locatiOIl.9 or by making
use of modn"daa mecbocIs tbat iabereatly ftlItrict out-of
bIIId I'IldiaIioD. as ill OPDM. OIl cable, wbeIe aU sipals
we of tbe IIIIIIe Implitude., typicIll'eClllhen have DO trouble
dinlmiNfina tD die ......, chaanrl.

~JI~ 'lbe c8Iade to e«ec:ttve..of the
......w em '- Is .......... i.e.. the ftlCeP"
tioa of. aamberof b&w u.; Id over cIiffaalt
pdbs fIom trawuitliq to --'ioa .... and
1heft4cn IrIive displaced ill 1ime. In ... systems this
causea the familiar ghosts. wbiIe ill cIiIifal 8Y*IDS, it raises
the emil' ... The effect in dialtal .,_ is 10~

that multipalh must be eaeotiaIly elipnipuded ill arde:' to
permit any useful transmission at all. Elimination of ghosts
in analog systems greatly improves picture quality, but the

II! one wen: peM:rsely designing an analog video S)'$tem to achieve
maxImum Interference. one would make 31; the transmitting systems sou
in synchronism. like NTSC and PAL

9 Evidenlly. at th<= tIme that channel allocallons were ongmaUv madr
then:-: was. not enough pressure on spc("trum so a.' to mandalc c-O\o-;..3tJOn
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duce a nonl1mfonn frequency response across the channel
exactly as if an unwanted linear filter were processing the
transmitted signaL It therefore can be corrected, within
limits, by the use of the appropriate compensating filter,
a process called linear equalization. FlJ'St used in telephone
circuits., the theory aDd practice of linear equalization are
biply ~oped (4]. In the presence of noise., there are
liIaiu OIl wb8t CaD be daDe. 1..aIJe echoes cause deep
Datda iIl1be fIequMIcy rflIPOGIC, &ad COlftlCCioo by 1iDear
equJiDlim may Jl'IIdy iaaeIIe 1be DOite1e¥eL Noise in
1be __wecllipll aIIo .... 11 7 ,oi....~ tbe pIDID-

den « tire inCkMa .. dower aMI mare di1Iic:u1t.
For aU tbeIe e&cthe eqnIIjzwgion seqaires a lot
of c:oaqJ For eumpIe, ill Ibe 01 I)'Item, cae-dIird
of Ibe seceiv« Iipal-plonle,jns c:ircaitry is ased f~ this
fuDctioo [S).

3) CMt 10the~: In order for a DeW 'IV Iys
tem to JO on die air, it must be IICCepted by broadcasters,
eqaipmeDt nwmlfwtxners, &ad ptOJflDl producers. Ooce
these difticult bantles we SUl1DOUIl1led. final succea depe:Dds
on aoceptaoee by advertisers and viewers, who, in the end,
will pay for the entire 1y$teID. 'Ibe diffaent sta1cd1olders
have diffaent needs [61, but near the top of everyone's list
is cost-

0) B1OtMIctJlkn: M meotioned Ibovc. broedcasters
have liU1e motivation to Ibift to HD'lV except to help
preserve aud~ shire. If itappem 1bat tbere is DO way
to stay in business wbile avoiding HD1V. tbeo. of course,
they will want to make the c:baage. 'Ibeir ability to do
so depeods very much on die availability and cost of the
oec:essary equipment-camaas. VCR's, special effects., and
ocher studio equipment. tranSD1ittets. etc. Vutuallyall this
equipment must be newly purcbased. Ofcourse, the move to
HD'IV CaD be ac:c:ompliIbed in~ such as ftnt limply
pasinJ CbrouJh sipals received from. the aetwoIk,tben
asiDg taped or filmed plOCIudions. and fiDaI1y. origin-ring
eadre prosrams. Tbis procell will be quite expensive and
wD1 DOt be lC(\"iIhed 0YCIDiabt.

DariDa Ibe trIDIIdoD period, die NTSC equip",. must
be bptl'lllllliaJa, • tire IDIIbt far IiDTV tll1lelIc:IItiD will
.,ow aIowly aMI tlaaaalcudaa baa -.'w''''" by die
Pee. 'Ibu bI:'oM«:. tUI face extra~ far a 10Ilg
time to come. ODe problem they IJIOb-blywDl· not flee
is a sbor1qe of pI'OIl'ID1 maIaial VutuaUy everything
procluced on film far NTSC is Joocl coou&b for HD'lV.
This 1akescare ofmuch ofprime-time program!Ding Sports
programs are anocber s~ bet, as the wide screen and
higher definition will add perceptibly to the visual effect.
Of course, outside broadcasting equipment is needed for
this function. Many current daytime programs really do not
need HDTV and may well be aired in standard definition
tor many years to come, perhaps by using compression
kchnology to fit several programs into one 6-MHz channel

I,! Eawpmnll nUl1wfaCllIrcrs· TIle Japanese C< ,rn pall 1("
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that they call begin to (ecoup thell ahead)' \cry SUhSUnll;':

investment. To some extent, the European manufacturers
who did the same for HD-MAC will also be happy to make
equipment for any system_ Modification of their designs
to acconunodate a different coding system will cost much
less than bas already been spent on the design of cameras,
mooitors, VCR's. etc.

1be situation with respect to receiver manufacturing
is somewbIl tierent, as the initial investmeot is much
.... IDd the profit m.atgiDs lie much smaller than for
prufellioDl1 equipDeat. Of course.. die receiver manufac
tIDn lie also loo1dog forward to HD1V broadcuting as
openina • aew market to 1hem. In all likdibood, they
wiU bave litde 1IOUb1e fiDdiDg the .-y required to eater
die 6eld, hat Ibey will be a aood deal more cautious
8bout connniaina to lIqe-scale production ontil the level
of aace:daiDty is ftlduoed. Here price is die main r.ctor,
aloD& with prosramming. that will detenDiDe the speed of
peudlatioo IDd tberefore the possibility of making profits.
May abservers dUnk that an initial price of $3000-400O
would DOt be excessive. Bach monochrome and color sets
cost about tbat at today's prices when they were first
introduced. 1be real question is wbethet HDlV receivers
of, say. 3S-in size. can be sold at Chat price. without losing
IDC*Y. witbiD • year or two of introduction.

In NI'SC IdS, the~ sipal processing is negliglole
ClOIDpIIed to the cost ,Of display, c:abinet, etc. That will
DOt be the cue with HD'IV, as the processing power
required far exceeds that found in today', IDOSl powerful
penoua1 computers. While 1here are many who argue that
compicxiIy is DO longer a cost issue, the cbips required for a
IYIIem bated on MPEG lie exceedi"l1Y complicated. Pen
tium c:bips, for example, cost about $S0010 and they have
much too small a capacity for real-time MPEG decoding.
IfHDTV is very successful. the volume should eveatually
exceed that of PC·s. This is vecy much • "cbickal and egg"
probIaD ill wbicb it is bard to pRldict just what will happen.

c) hog""" produ«rs: Like profeaioDal equipment
IDIDl1fIc:fIJre program~ will probably be
........y mociVlllled 10 lit iDIo HDTV as 1bey see the
.....~ NdnIly. dIey will be iDlaeDCed by
COlt CODIiderIIioDs. In the cue of 112S1fj(). wbicb is already
beina ued 10 tome extent (althoo8b. except in Japan.. the
product muat be coaverted to NTSC or PAL for broadcast).
it is tbousbt that c:oocessiooal prices~ offered by the
eqa.ipme:Dt 1DlIDUfacturers in many caaes.

d) Ntvertiurs: Advenisers will certainly -use any
medium that brings them an audience, and will certainly not
use any medium that does not In the case of simulcasting,
the total audience presumably will be only slightly more
than would have been obtained with NTSC alone, so the

lOOn AugUSl I. 1994, Intel ruluced the pnce of 66-MHz PentJ\JrD dur'
from 1750 (0 $525, in lOOO lots Of course, TV decoder,; are 'JrI1ikcI·.

to use completely programmable decoder; 1fI the fo=.=bk 1""" nil
example: 1(, glven on1\- \\"" "h(n" th3! 'v,TV <')l1lnk~ duro-, arc n," ,,~,,\
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Ulat case, advcmscrs will be more interested In any evenl,
II appears quite doubtful that advenising rea:ipts can be

counted on to pay for the transition to HDTV. When color
was added to NTSC, RCA supported the new fonnat to
the eXlent of about $3 billion at today's prices. Who will
provide the required investment this time is Dot clear.

eJ Viewers: As mentioned above, $3000 would be an
acceptab1e price for a large HDTV mceiver. judsing by
eartia' introduc:doos of new systems such as NTSC color.
In eMjmering the Ipecd of malbt peoeUatiao., it sboold
be KlCIIIed that it took 10 years to ~'1~ peoctraIion
in dIIt case, wbic:b was aimilar to the~ transition
to HD1V. IiDce die same propams weft' seeD in both
formats. OD. die od:Ier bud. the receiwr market today
is vecy cliffereut from Cbat in the 19S0·s. A1 that time,
~ 1lIae maay domestic manufacturers, and many of
these were maJdD& good profits. 1nteDse competition bas. 
taken much of the profit out of the industry and caused
most domestic manufllClUlaS to go out of business 11 It is
d1erefore cooceivable that it will prove impossible to create
a mass market with receivers that cost so much.

'I'beIe is anocber factor. however, which goes beyond
price, and that is the relative attractiveoess of the new
and old fonnats in tbc:mse1ves. regardless of programs.
wbicll will be the same. Our own andiaIcA': tests at MIT
clearly showed Chat the relative JRfereooe for HD1V over
NTSc, wbeo both were shown with the same programs at
studio quality. was small [7J. It seems obvious that the per
ceived differeoc:e would be much smallec than Ibat between
mooocbrome and color. However. we also found, indi:rectly.
that tbefe was a laIge perceived diffcreoce between studio
quality. as used in the tests, and avenae quality in the home.

The decision to use digital transmission, about which the
author bas some serious reservations. does have a benefit
in this c:ue. Wlth digital transmiuioo, it is DOt possible
to receive pictures dill lie teriously depded by cbannel
impeirmeots.u With NI'Sc, badly ilegrtMld picturu in tM
IIorrv 1ft tM norm. PIOvicIccl that Idequle c:ownse ad
reIiIlbiIity ae IICbieYed widl~ aJl.cIiIiW .,..em in the
plWIIICC of cbe UIU&1 aDI1oI-cbtaDel impIinDeDts, aDd
provided 1bat CCDpRIIIion itIeIf doeI DOt podDce Ieriaas
iq»il'llWlts for • significant propordaD of I\1bjecCI, for the
first time viewers will be seeing JtIIdio.<IuaUty imqes in
the home. This is likely to be percdWJd as a ~tially
1aJ:pr beoefit than the bigber dctiDition. While it is a truism
that viewers care much more about program OOQtalt than
about technical image quality. in this case they will see a

lilbe only large American owned COIIsumer-doc:tronics company at
present is Zenith. and !bat COOIpUIy docs all of its manufacturing in
Mexico, lbe largest manufacruren in the US an: North American Philips
and Thomson. Th<o latter. owned by the French government. boughl th<"
'(,f\sumer-electron\c$ diVisions of GE and RCA

2. \J...'hethc-'t or not (his i~~ a benetit depends on how the overdll ':> \'\t<:01
JC\lr-ncd Extended COVc.rage .......ould h<: high\y dc·;lrahk ("\fer", If- lh"-h'
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B. &gulatory Issuu

Many aspects of TV system desip cannot be IeU1ed by
COIIIpCItive 1IeItiDa; they must be decided OIl abe basis of
oar pefa__ aDd the~ of 1be apeeuam allo-

CIlIioIl pIObIem. For • .....1~ aD be~
bat die III(NlCt ntlo __ be deCided .. OIl the basis
of oar ....... 11Ie IbOity to~ in cbe pteIeOOe
of a pwo depee of amItipIIh CIIl be teIIIed. bat wbecber
we sbould deliver 1be same plctIn quality to everyone
teprdless of the distaDce from !be tnDSmitter is • policy
isIae. Tbe IIIlOUIlt of apecUum to be al10cmld to TV and
the amount of service to be provided are buically political
decisions.

1) What lUnd ofa 1V System Do We Want? After about a
half century of experience with television in the US. we
have a good idea of its potential benefits and possibilities
Now that the time has anived to have a new system, we
have a rare opportunity to shape the medium in accordance
v, uh 'Jur collective views. Decisions on the overall nature
,I lh,' sen.'1C<' cannot be lef' entirely to the marketplacT

fJ,f't' ,'i1) cnnrn1n1!'\ ,nvestrnccl! nllist tx rnadc h(·f(lfC ILc
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tllen, J, lIla, IlIlle approached. we would expect more salee

of HDTV sets One can expect the marketing of set-lo!'
converters from HDTV to NTSC to thrive, espe<:lally as,
at least for some time. NTSC receivers will continue to
be used with videotapes. Not only is 15 years a long time
to wait for a market to develop, there remains some doubt
whether Coogress would allow NTSC ever to be abandoned
if 1be public~ stroDgly opposed.

A compJde uusitioo wauld mean discIrdiDg an Nl'SC
equipmettt ad maIdDa CllJIolete an exiIdag teeeiveR. An
abeoIaIr ueceaity 'for dais tD be 1':ftIIC~ -woaId be the
avaiIIbiJity of IIDIIl~ "'HDTV'" ~wrs, lOme

portable. to IlerYe die IDe f-=dou dill lUdl'ftJCeivers
DOW sene. We do DOt waat or Deed a .....rical expedeoc:e
wbile WIfdUDa die IIMlIDiaa DeWS dutiDI breakfast. nor
do the c:biIcIft:D Deed it for mac:h of wbat they lie now
watdUDg.We eenaiDJy do DOt want to pay very biBb prices
for small receivers.

Tbe mai.D poblem in maJdDg iDexpensive sets to receive
the HD1V sipal is _ with existiDa Amaic:an proposals,
ful) decoding to baseblDd is required. The bigb-resolution
image thus produced mast then be processed to get the
JOWa--raolutiOD sigDal for !be cbeaper display. Tbe need
for • f1Il1 decoder may we1l iDc:tcue 1be cost of eIICh set
by sevenl buDd:red dollar&. and the sel1iDg price by even
more. It would be better to have a codiDs system in which
complete decoding~ DOt sequiJed in low.ped"orman<:e
sets. Even better would be • system with at least three levels
of quality, with the cost of abe decoder ranging from very
low for the cbapest and smallest IdS to substantially men
for 1be fuU-qaality receivers. This may we1l be feasible., but
it is not part of the Grand Alliance proposal

111\ \ \~ 1t :
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will bc <Ill Important aspect of the appeal of dIgital TV
Of course, wide aspect ratio is also possible in analog
systems. such as PAL Plus. There seems to be no good
evidence that the wide screen is very important by itself. My
personal opinion. which is s~ by many in the ~ve
community, is that the best aspect ratio is the one that
was used to make the original production; e.g., portraits
IboaId be doae in "'ponrait mode" aDd 1aDd1CapeS Ibould
be .-deftld in "1aDdK'tlpe mode.." 1D abe focus JIOUIlS used
iD die MIT _ieDce teItiD& IJkOIIIID. DO evideDce at all
...-.ct dill cIemoIaItmted dill the wide ICftleD. by iaIe1f,
... a WJlY iIIIpoctIat feIbue. 11Ie lillie JNftIIII'*lr of the
diIpIay dill cmnbIdowed all ochers. iDcludiDg 1bIrpoess.

WIS imIF me.
4) An~ 7nmsidoft &:.tIriq: In 1988, Zenith

(Nopoled a IICJIlCOCIIIl'Ibo1e HDTV ttlDllDission system
IbM would use !be taboo dwmels at low power, together
wiCb. simulblDeOUS 1rIDSmissioo of the same pIOIl'81DS on
N1'SC in c:umot c:baDDels. Primadly OIl the basis of this
proposal. !be FCC decided to use simuJcudng rather than
• compatible sigDaJ. format to serve existing RCeiven for
• catlin period. Broadcasters. who (RViously bad been
DeIrly IIMDimoo.I in peferriD& • bIckwanklompatible
HDTV system. ae1uccaDdy walt aloag. lroaicaUy. Zenith's_mate of !be adequate~ level of the new stations
was \'elY far below what was JaIler sbowa to be necessary.
In additiOD. !be ICJIIIRle-COCIi method prdposed at that
time did DOt produce IOfIiciendy sood pic:tJft quality and
was later aDdoDcd Nevertbeless. abe R:C stayed with
its aimabldng decisioa. and eveatuaJly systems were
~ tbat come cJose to meeting its requirements.

In one way. simulcasting solves the "chicken and egg"
problem of noncompatible systems. in that the existing
udieuce -.Ill!be DeW propams. a1tbouJb DOt in HDTV,.
011 die ocber haDcl, it temOVClI much of abe iDceative to buy
new --'¥eft, IiDce die old rec::eiYer periabs viewing the
DeW .......Just asif.~ syIIel1l bad
beeD 1IIed. It nmaiDs to be ........ illlpOWlDalt in
tec:hnice1 pic:bn qaa1ity. by IIIeIf. wIIlllllOdftlle CODS'DMn
...eIc:ieedy tD bay whit .. ..., to be ..... expeaIive
DeW RlCIliwa. 1be a'tftnIthe ~ to die

DeW service by pnmding wry cIeIinIble PIOJIID1S tbat
C8DDOt be seen any GIber way-was .....tty rejected by
everyoae c:oocemed as mucb too rlsty. My own opinion
was dill 1his coune might bIrYe proWlIl saccessful if a
smaller and less priee-cooscious mabt. such as botel
television. bad been tried rather than going immediatel"
for the mass market.

In any event, the general idea of using simulcasting
during the transition period is certainly feasible. That wa~
the approach used in France and the UK when PAL was
introdu,.ed in 1967, Old receiver; were served for abOlI(

20 years, although \lor with all of the same program'
madc available Oil the IlCV- service No one I lmrr<
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senou,iy suggesled U13llranSrnlS~lonswndards be lcftl\) Ul('

individual broadcaslers or thai spectrum assignmenlS should
no longer be made by the FCC. By setting standards and
other ground rules, the Commission creates the environment
in which the corporate entities that will provide service will
function.

One good example of this kind of decision malting is
the support that the FCC gives to faIauial broMk:asters.
~ broadcasting his immCltle support in Coosras
because it is the most used medium IbroaBb wbich office
holders get their mesage to VOIeft. MIlly FCC tepltrions.
such as the division of po6ts from nnas. appear to
have been IIIIIde with me priIIIIry purpoee of bepiDg
Ibis industry alive.13 ADodIet eumple of RPJation in
die public iDtaat. this time by Kt of Coapla, was
the AD-Ch8DDeI Receiver Ad. wbic:h mqaired all 1V sets
sold in die US to have UHF~. 'Ibis was • very
successful example of gcMalllDmt JqUlaDoo of the free
IDIl'ket that was to everyooe's ewutuI1 beaetit. Without it,
many receivers would have been VHF-aalY. and the UHF
spectrum would have proved impractical for lV.

2} The Needfor High Sp«:trvm FJftciDu:y: NTSC bas a
very low tpeeI1'UJJl efficiency. However. this is DOt due
to stupidity 00 the part of its sy1taD etesigners. In 1941.
wbeD die ataDdan1 oriIi.-..d. spec:u11Dl was DOt in short
supply and c:beap~ bad to have limited processing
power. Neither of diesc c:ooditioas boIds today. The
e1eccromagDetic specaum is DOW • lUicdy limited natural
l'e$OIIl'CC. While the aV8i1lble spec:uum is steIdily being
expended at the upper eod by 8dvaoces in teclmologx. lV
occupies • luge block of the more easily used UHF and
VHF bands. In addition, it is DOW' more practical to put
a substantial amount of processing powu into consumer
products.

With the growth of mobile app1icatioDs. pn:ssure on the
FCC to releue unused UHf spec:uWD IIlOUDted 1t was the
te.r of bnw:Icut.ers dial tbey miPt Deed men specuum
to CUIIIJefe with HDTV pI'O'IilW by altieIuIive media that
led to die c:uaeat RX ......,. dill ....... OIl HDTV
........ 'Ibis bu pvvecI to be a wt:y fndd\Jl 1Dqairy.
as it fa leIcIiaIto ........ dill .. DICh __·ipdlcwr

efB<:iaIt 1bID NTSC. If Cbe JlICX:'a piID to 111m off NTSC
15 years after HDTV bIoedcutiDIlIartI is llCtDIlly C8Iried
out, we sba1l have • Ieut the 1I1IIe amount of service as
now within a c:ooaidenbly IIDIUer IpeCU'lUD allocation.

GJ 7JIe role ofSOIIn:Ie codbag: It is obvious~ if Jess
bandwidth can be used for video of a livea quality, or
if quality can be improved without expanding bandwidth.
the spectrum efficiency goes up. Until 1990 and l:be GI
proposal. most executives in the lV industry thought that
the first idea was impossible but the second might be

~ • i I { j' \ f I ~.! ;.' ',I. ~ ~ i~'1 ; !\'\ f)1 l.),)1 ....,(· ,1 fIll,' \"~ iiIit', 1hI,' nlher nUhl ~l~'-",
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,lcscnillng tile salTlC phenomenon. wind] I" all H1L'fe~I<'C \11

spectrum eHiciency
The method thai has given the highest compression so

far with manageable complexity, and is therefore used in
all modem video coding systems. is the application of the
discrete cosine transform (DCT) to the motion-<ompensated
prediction error. Since provision must be made for scene
cbaagesand station switching. it is necessary to ttansmit
IOIDe IlUIIIdift"MDIial iDfonoatioo as well, either cootinu
ously (as me "'leU::" in J>PCM) or from tilDe to time.. The
Del IaU1t is daat the GA system caD deal with DO more
thaD Ibout .... iDIIepa_t flameIIs.. &Jr an ill fults.
aacoded NTSCcal trapwpjt 30 eIIdtdy'iDdegeIWenf frames
CICh .xJDd. aid ea:b fnme CIIl 0001p1ie •. adJiuIry
UMlIDblIF ~ aaapIe .... 1be .... _ to coding
~ depeDdeat OIl aucceahe faDes. beiDa bi&blY CClm:Iated
aDd OIl CICh fame bmDg blah 1pIliIl. IIIIOCOI!dation
(the dIideDcy of die ocr itseJf depends. OIl me lauer)~

While bodt of Ibe8e situations ate Dearly always as staled.
IOlDIlltimeI Cbis will DOt be the cue, and some DeW kinds
of degnldatioo will be evida1t [8].

b) The role ofcIttmnel CDdin.g: ODe goal of c:bannel
codiDg is to fit as many pIOJr8D1S as possible in each
loc::aJity within die ovcnll spectrum a1locaIioG for the
service. 'Ibis c:apabUity. altbou8h bqaeotly ipored, is
just as impoItmt as the CIOIDpIaSioD 8Cbieved by source
cocliDg. which is UDiverully recopized. In the US. at
praeat, we can use lIbout 20 dm1nda in each kality out
of 67 that~ allocated, while in Britain the Ado is 4:44.
Modem methods. as dilcussed below, may raise this ratio
to 1:1. 'Ibis would be just as importaIlt as nlducing the
bandwidth of a siDgle program from 6 to 1.76 MHzl

Tbe limitation of 20 out of 67; i.e.. the exiJtence of 47
"taboo" channels in each area, is due to • number offactors.
Tbe most fuodamenta1, aDd baldest to deal with. is cocban
ne1 inteIfaeoc:e from aoCber ItatiaD OIl the same c:hannel
in aD IlClj8ccat lila. Given die c:Iftier..fO-inlafCl'eDCC ratio
requind for popel' openIlioo. the dfec:d\'e ndiIfed power
(BRP) d. die. trwmnjttj.". IDd the CI(lIIiIity of a c::erWn
receiWli 14 ..~. it is poIIibIe to c:ak:aJ-e
«be mjpi'·"11 of"ltllioal, wIIicb is 160 mi
fO(" NTSC. 'Ibis be redaced eo .. 100 mi for
HDTV in ordel' to permit sMD8 a IeCClDd c:baIme1 ~ each
cumlDt broecIcuta: in accardaDce widlthe FCCI inteoded
uausUioo 1CIeD8rio. OearlY. HDTV must have much better
inlerfaeoc:e pea:f0llllUCe than NTSC.

Tbe secoDd most important taboo is that 8djacent chan
nels cannot be used in the same cities, as discussed in
Section II-A-2. The remaining taboos are predicated on
poor receiver performance and are outdated. They need not
apply to a new TV system.

13 A topical example of govenunent support for terrestrial broadcasting
was the decision by the US SUp"'lTle Court on JUDe 27, 1994, In whi,h
the economic viability of \he broadC3S1 industry was aCC<:pled lL' a lei'.]
ba5.1S- for t~ reinstatement of the rule requiring cable: companlf": 1'1 ca!""".
{/w 10<":11 ovcr-(hc-air program", See L Gf"Cennouv-. "JU".1vc PI. , ( ;l.'!.
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I'The amenna assumption is one of the ")llanrung factors- established
by the FCC to make il po£Sibk 10 ulculale coverage area before a station
go<::~ on the air The. use of a bener Qf worse antenna would ffi.3.k~ rr-cep1 ion
t~t1~t or worse, bUf would not affr,~l the- calculatIon ' ... 'tHen 1n tx- ll',cf\ll
'{'HI" he Ofl 3. <.,1andardtl-cd h~L\l"
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t~Thcse DUmbers ~ estimated from dau provided by the Cable
Advertising Bureau aod Paul Kagan Assoc. Data from NCI'A and NielSt:tl
was also ~Itod.

lOin spile of long effort, today's best transcoders = far from perfect.. as
"' ...\ clearly demonstrated during lhe 1991 Summer Olympics. ntis evenl
v,as shol in PAL and convened 10 NTSC for airing 10 lhe OS Dere"I"{
... ·nd/"on or rapid molton. such as d'sa;>peanng volleybalL. was at" iou,
: '·'O~ th()u!=h \t d':U';Ktcd lillk: from lh(' popuhrHy of the hIOJdca'".l', Tnl'

·~~·.,\n 'ran .... ( (x1lrlr t\ "-0 hard \" prn!J3hlv (h~ rfcv~kfh-(' .,1/ fre.al d,-,)} ,;1
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Imtc'l1na WIlh 10 dB galll and 14 dB frOnt-lo-bad rell!"
One ~J1(Jwledgeab\c crilJC has even Slated that, beyond
35 ml from the transmitting antenna, reliable reception
will require a low-noise amplifier mounted on the antenna
mast [9).

Under these conditions, it is clear that the abandonment
of NTSC simulcasting will create a very difficult problem,
Receptioo with rabbit ears will become Ullldiable. and
c:rownae will be drIsticIlly reduced for RiCdw:rs that do
DOt have tile IIIUIDed bigb-performaooe IlDfaID,8 This will
make it vr::t:'J cWIieaIt to maiotaiD COWlIIfI and to provide
low-eost receiwn tbu c:reaIiDs IIlOCber obIbde to the FCC
CI'IIISitioIl sceario.

4)l~: Altboup~ bid been Iitde talk
of~ asy~ of~ da1a
betweeo I)IIteIDS of difren=ot performIDce. ctiffCftllt appli
cations. difterent industries. and di1feralt viDtlges-before .
it was raised in a very fon:eful way by COIIIpQta' inten=sts
(101. the frequent Deed for tl'aDNWing makes iDtaoperabil
ity of great impoI1ance within the TV industry itself. The
FCC eveotu8lly recognized this need by making interoper
ability a subject to be discussed in the Inquiry,

4' 1M nutI withiII lite IV iIItbutry: Coosideriag d1e
large number of ItaDdards DOW in use aad the stilI-unsolved
problem of c:ooverting between NTSC IDd PAL.16 one
would have tboupt that it would not need FCC oversight
to guarantee that ttazzscoding would be takal into ac:count
during the design of a DeW system. Yet this was not the case,
For example. the NHK system, which was the first format
proposed for use as an intematiooal exdIaDge standard.
bas scan rates that make it difJic:ult to traDs<:Ode either to
PAL or NTSC.

1be discussion in Section ll-B-3 about the need for
RlCeivers with different price and performance illustrates
that inte:roperability is DOt just a burden placed on me TV
industry for the beDefit of the computet iDdustry.1S is often
stated. The ability to make simple receivers cbIt can deal
with a complex Iipal. even If 1boir iIrIIF quality is DOt
• JOOd • dJat r4~ __wn. II &be by ability
dial is aeedo4. it 1110 fandamenbiJ to IY*m desip that it
CIDIlOt be -.Jded at a later dille.

b)N~imp~OM' rime: B\I'eO before
the computer industry was calling for an HDTV system

that could easUy be bIDd1ed by WOIbtatioDs. the FCC itself
was calling for "'DoadiIruptive impIovemem over time,"
Learning from the NTSC~ die Commission bas

~', ~; / ,'I '\ .';' }-' I , , ! \ , . " Il, , , I

QualifY" 'rL ll'vhl01l PIU,t;t;t1ll\ l..'dJi \.,\ l'nHl\C"~ n\,'l .j v.. h~'

,-ange of Image qualily as long a, the s()lJlld is free \>1
serious dislOl1ion. At present, there is a wIde variauon 01

image quality from receiver to receiver. This is caused
partly by differences in the size and quality of receivers
and is also due to great variations of the amplitude and
quality of received signals. The latter is affected by the kind
of aDteDDa used as well as by local cooditioos of signal
ItleIIIth. intafaace, aDd Jbosts. TheIe tacu an: widely
noopiwd by &be public • weD as by 1V professionals.
aIIboa&b DOt oftea wrbIIized. No ODe, iDduding the fCC.
e:xpeca eqaaUy aood pic:taIa OIl .n n:ceiva's;~ is no
FCC ftIIUJIdaa of ftlCeiWll' imIae qadty. On the cootrary,
IboaId Cbe FCC I8empt to specify miDimum receiver

"'0"'''110''::' tbeIe IIftIy would be a ItmD of JlC'Ot;eSt both
fnJm IItIIIIUfIdutSI and from flee JDIIketeen.

., R«eiwrJtl'b wnuI pnformtMce: 1)'pkal house
holds 'ha~ two or Ibree receivers. The best and bqest
is ...uy in die IiviDg room. wbile the others an: in

. aeccmdIry locatioos such as the kitdleA, cbildren's rooms,
etc. Tbe latter, if boupt for the purpose. an: usually
smaller and c:beaper. While CODSUIDCI'S certainly would
DOt oI;ect to baYing maximum quality on all receivers,
1bey IIrIe come to expect. as they do with most ocher
pcodDcb.dIal &be c:beaper' leta will ha~ lower performance.
WbIl would IIOUble~ a good bit men would be
the DOIUlvaibbility of ~-cost sets for~ less aitical
uses.

In NT'SC. it is possible for DWlufaeturers to provide this
naae of price IDd performance because the main cosf is
the c:abiaet IDd display,~ to wbich the cost of the
cm:uitry is almost negligible. This is not likely to be true
with HDTV. Bven in the larpst and most expensive sets,

sipIl pnX'eIIiDg will be In importlDt part of the cost. If a
CULlJIeIe decoder is~ in .n reoeiven, it will be the
main COlt in aaaIlleCS, As Ioag as tbis c::oodition holds. it
will DOt be'possible to make iDexpeDsive sets for today's
.. rddcI1lpp1lcatioas.

Tbia ...... waaId be mach leis IeYa'e if IimulcutiDg
U NDC ...". to .... lD IlIICe iDWPbr1y. However.
&be PCCI plio to tID bIck a IIqJe proponioo of the
spectram DOW aDoca1ecJ to 1V requires .a-doDmeDt of
NTSC at JOIDe point. Tbe lick of cbeIp tee:eiven that can
delI1 cIiIectly with the HDTV IipIl (or me lick ofcheap set
.top coawrtlllrs. wbic:b depeDd OIl the Iaae tIedmology) may
prove an insurmountable obstacle to ever shutting N1'SC
down.

b) PoNtlble and mobile ~ceiven' While mobile receivers
are not a big factor in the US. a very large proportion
of sets in homes are portable in the sense that they may
be moved from place to place and generally use on S{~t

antennas-"rabbil ears" Well over half of the recel"'>~

in the OS have antennas rath(·[ than bemg conneCl(,!'
cable or to salelllle ~lolJnd sl;llliJnS ThiS l' a [('!Y1I11 f :.1,1,'

SllUJ.t\OrL ';lllCC nC:'.Hiv tv.(\·-1!t1 1 \" TV lldlli('" II
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upgraded without makmg earlier receivers obsolete NTSt
has very little room for progress In this way. The maIO

change made sioce color was added in 1953 was stereo
audio. l? Any improvement in picture quality since 1941
is due to better cameras and pi~ tubes. and not to any
cbange in system standards.

It does not take much reftectioo to show that. to improve
the quality of a system aftet installatioo. it is DeCCSS81')'

to IeDd addidcDal dIIa that OIIIy oew ftlCeiwn would use.
'Ibis cilia either IDUIt be hiddea witbiD tbe e:dItiIIg Iipal
in web as way IS DOt to cIep8de imIF quality ClG existing
leceiven or malt be trIIIIIIIiaed ill ...... c:bIImel In
ciCber CIIC, ...., defects of tbe CJIi&iMl.,.eem will ranain
in tbe ........ .,-m. eveo in oew ftlCIiwu."

c)Acnw~_ ilIdutria: 1:DIImpenbi1ity

became a public issue wbeD it becIIDe~t to tbe
0DIIIp4fa: iDdustry tbat the Ibility to cIitpI&y pd-quality
video 00 compata' ICnleOI was vecy imporUDt to the future
of the industry. We the still-dtdiniDl cost of processing
power.~ CaD be kept lip ooly by iocreasing
the .amaunt of computation. Nodlibg is 80 computation
inteosive as high-resolution moving iIDIges. Bven today's
computers have a video screen, ad maD)' of the multimedia
applic:Itioos coming into use depeDd vecy beavily on video.
It seems~ Dati1ral. cbemcn to display broadcast video
00 computers and to use.fOlllPUletS to generate video
sequeaces.19 ,

ADotber' industry that is affected is eJecttonic imaging.
Although DO ODe dUnks that film is JOiDg' to diseppear
in the Dell' futw:e. it bas become quite feuible to-handle
bi&b-<Juality imagety in e1ec:Iroaic form for virtually my
appli<:atioo. Amateur~ is a aood example. While
equipment of full pbotograpbic quality is still too expensive
for most users, properly baadled imaaes having a real
te8Olutioll of 500-1000 liDes are acceptable in many cases.
If HDTV fnmes could be IJIOd as IDIpbn«5. ID entire
iDdusIzy miabt be aeated. SimDIr poaibWties exist in
medical em. educMioo. IDd pubtitbinc Tbe minimum
demaad of tbeIe ooo-1V iaduIIdeI is plOIftlIIive ICID ad
~ pixeIs." (equal boI~ _ Wl1k:al ftlIOluQao)

'WhiM tbe1V iDdaIIry is 10 far wUIiDI to P is all-Gilital
tmilmi...pluIa..........« -=h trlmrniuiou by
meaDs of embedded beecIen ad deec:dpcon.20 .

11Siace !be 8lIdldoG of color.a .!eIly IOllduced ebe huDiDaDce
....... of ftlCCi--. aiIIiII « to be ......_ ud aided aws
QOlOr - -- I.; - to ... jIIpa, _ ....ad line to I&Y- .. ebe
1953 et.,ea. wbik pnite9IOI1hy. _ eot eIMiftIy "walpidible."

111lte tlldIeme ¥Ubtenbility ofNTSC to iuleIfaeooe IDd the asaocWled
poor spec:lnIm dlic:iaIcy as wen as debe~ of iDler\xe, are
m-d to its IY*m design lIIId <*mOt be cured by improved rcc:ei'm'$.
Ghost caoodbs might wen improve ebe pcrfonnaooe of DeW NTSC
rcc:eiYCrS. The system de$cribed in Section m-D is specifi<::ally designed
to permit upgrading oveo- time.

19CompUlers are already widely u~ to creat" and edit vide<:> \n th<
NTSC format Unwieldy as l! 'S. II has n"vcrtheless prove<! qUI1~ f,·,,,,hk
10 design ~ hardw3.fl:' ~and s.oftwarr nC'<".dcD for \his appll('"al}()~)

x'Thc TV indu'Str\, IS nQt a monohth on (ht~ or an" Othe'f quc\u.;>r h
C'x;unpkt\J1C and r-crx 1\~'1 '-If ,h. -<;.',1' T\ nl',wnri, fa'.,,:
'~- .,11
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bv cable by VCR and by sa\d!I\c. Each of these medlo h;\·
differen; physical' characteristics that musl be taken into

account in order to get the best results. The last is by far
the least important in the US, since it is confined to a few
million users who tune in directly on the programs being
sent to TV stations and to cable head ends. However, this
year a satellite bas been launched and two operators, Di
rec1V aDd USSB. are providing service. lDitial aa:eptaDce
bas been good, 80 the lilUation may cfIID8e.

1) Termrrial ThIr&.rmia:rion 'Iemstrial trI1JSDIission is
the most popular medium in tams of~.. served. It
is free in the US ad widely used for political. purposes,
Jivins it Qnmemre support from. the public ad in Coqress.
'lec:bnicaIly, it is the worst medium, IIIffedDg from. noise,
ghosts. infaferalCe, and fIequeDcy distoniOll.. A UDique
cbaracteristic is the vecy wide variatioo in &ipal stmlgth
from receiver 10 receiver. Coupled with the differalces in
receiver noise perfarmaooe and anteana dJank:teristics a
vecy wide variadoo in om is eIlOOUIltem!, correspooding
to more than a 5:1 range of cbannel capecity. The NTSC
signal design is such, however, that good synchronization
and good audio quality are maintained under virtually all
c:ooditioos in wbich the image is eveo.lDIlJiaaUy viewable.
Vet:y simple IDteoDas CID be used except at the boundary
of the service area. In the absence of interference. with
a good receiving antenna, and with a line of light to the
tlanSmitting 1Dtennas. programs can be viewed some 200
mi from the transmitter site.

1\velve VHF and S5 UHF cbIDoe1s are allocated for
TV. with a maximum of seven VHF aDd about 12 UHF
stations lCIU8lly licensed in each city.21 Adjacent dwmels
.are DOt used in any ooe locality and stalioos 00 the
same cbanne1 must be at least 160 mi apart. Broadcasters
greatly peter VHF assignments. since bettes' covt!rage is
obtained with lower traDsmiuer power. In tbe absalc:e of
rocblDMl intetfereoce.. and using tbe muimum permitted
ERP, coverage is ooise-limited aomewbat beyood tbe ndio
bcrizoo-S2 mi for ID aateaDa 1350 ft Ibove tbe pmd
(HAAT). fa certain ... of tbe~. HAAT. of as
mucb as 2000 feet may be UIeCl. '1bia bas a ndio borizoa
of 63 mi. bat a noiIe-limited naae «80 (dIaDDe1 2) to
67 (cbaDne1~) mi. Actually, few stIdoos have maximum
height IDteoDas;22

2) C4ble: Cable service is available to about 961lJ of the
9S millioo'IV homes in the US and about 6SIlJ lClUally sub
scribe. Aldtougb cable provides a moc::h larger number of
programs than terrestrial broadcasting, most cable viewing
is of programs that originate with the netWorks. In principle.
all of the technical problems mentioned in connection with
over-the-air ttansmission ought to be absent on cable, but
they are not

)1 r}n average. ~ch lete" 1:'\ Ion househnld If! t1l~ US hJ.',! --I fr<~": \laun[1'
<l .:\~;ibk 1(\ \{ (N\I.·I~,,-,~

In;OrnIJll':)'' C·j ;;n1"IJll.: hClrhl· j"lT~' 1)1 ~{l \;\lTl'l' ,,1 ~~1' ,,'



;lllq~II~ll'l, ,~;''ll:'' {III,.' U1JIlL" ~1', IIt'l',h"\.J ~\llllC Ihlfil\ll(_',~(

dl:>I()[111'" 1\ Illlrodllct'd In lhls W;I;' ("oaxlal cable IS 3\

most al ....'ays used Into the residence, but fiber is steadIly
replacing cable on the trunks. Cable IS not completely
impervious to leakage either in or out., SO the same kind of
natural and man-made noise is encountered as in lenestrial
broadcasting, although to a lesser degree. Passive lossy
signal splitters are used in many locations. with unused
lapS paerally untamiDaIed. This creates a kind of endemic
mukipldb Ibat behaves mach like a low..... fiber.23

SipIllCftiDlUl from ftlClCliw:r to rooe.iwr is more uaiform
dID over tbe m, but sd11 \lilies becIaIe of tbe UIC of
Iipallplillas. All dMaNl. baw IipaIs of about equal
~, 10 IbIt there is 80 ......dMwJ taboo IS in
teI'leIUtaL CIble~ tIy to .-e 38-40 dB CNR
• tbe m:eiw:r tamiDIIs. bat do DOt always succeed. If
they did. tbe noise would be IDMIiUDY wible but not
aDIlO)'iDg. In spite of all this, "CIble quality" is geoenlly
superior to average quality with rabbit ears. In many
locItioas, however, a good .... produces beUer quality
than pIOYided by cable. lDformecl opiDioo is 1bat viewers
usually subscribe to cable because of a wider choice of
progrIIDS. aod DOt for biJber image quality.

3) Wdeo R«.orrJen: For~ two ftlCCivers in Ameri
can bames. 1bere is ODe VCR." A1dIoQab originally used
maiDly for dJDe..sbifIiDa. tbe vast majority IlIe DOW used for
playing IaIfed ~'lbe:re~ also about 22 million
camcorden. Thus, • viewiDI 8CCOUJl\S for a sigDificant
portioo of 1V use. A1Jy DeW I)'Item 1tUIS1 have affordable
and n:liable VCR's to be .cceptlIble.

Oeaing two hours of NTSC IipIl onto a small·spool
of tape was a remarbble tee:bDoIoticaJ lCbievement that
required some compt'OIDiIes with IiaUl quality. Sometimes.
"VHS quality" is used 8S a meISUI'e to iDdicate something
cootidenbly below that of NTSC. Certainly, the resolution
aDd SNll of the VHS format is Iowa' that of studio-quality
NTSC. Howewr, NTSC u typically viewed in the home is
a1IIO quite iDferior to NTSC in tbe tCUdio. My own opinion
is 1bIl with a good • IDd a VCR. in sood coodition,
ODe .. beaer pictures. OIl awrIFt from tape than from
~,..

4}~ S,""tI......: III ,1 rifle _ in pactice.
cbe IIIleIIiIIe c:bInael is Mn •May tapedor to all otbec
exiIdDg meaDS oftnDsmtai. video to tbe home. A liDc-of
si&bt padl is always uecl. .... with diraoDal aDteonas.

There is vecy Rttle addpIdl IDd liUle ldjIceDl-cbannel
intedmooe. CocbllDMl .....mce would be-much like
that of terrestrial broadcasciDg from a single oeotralized aD

tenna. Most current transmissioD. which was never intended
for broadcasting, is armt'og PM using an RF bandwidth
of 36 or S4 MHz. This gives a favorable "triangular'

13 In the US. 11 is nol unusual 10 find ghosts on cable smular to !hOY

~ncountcrcd in over~thc-air ~pt10n. ]0 most ca~s. the,~ gh(:<:1< W("r~

present In the slgnal whc.n rc.crJ\'cd at the cahh' hc..ad ("o~-l.
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system noise budget IS arranged so thaI cvcn under eXIle:J,'
weather condition such as heavy rainstorms, the received
signal IS well above the threshold, and receplion is studJO

quality.
For DBS to the borne. a bandwidth of 24 MHz will

be used. For the less demanding requirements of home
IeCq)tioo. it will most likely be found that a gross data rate
of some 60 Mbls per dwmel can be used as compared
widl 2G-2S Mbls for tmattial broIdcuring. This will
pcaait 1m"riMilJll of two HDTV IipIls or 8 1taDdard
JeIOlatioo Iipals. with fir bigber reIiIbility Ibm is lilcely
to be experieoced with tt:mstriat~

m. SOME PossIBLE SOU1nONS

A SolITa IIIUl 0ItJrwd Cotling

SbaDnoo'. wodt CII1 be iDteIpn:tcd to mean tbal source
and cbanDe1 coding ought to be iDdepeadeDt In this aP- .
proecb. tbe IOUI'CC ooder IaDOW:I all aiIdCal redandancy,
produciog a sipallbat100b like IaDdom DOise; die channel
coder adds redundancy in just the risbt way so as to
permit near-perfec:t error c:onec:tion. Bleb coded bit is
eben eaemilJ to tclCOIIItnICtioo. However, such a scbeme
is impossible to implaDeat eucdy, since an redandancy
caanot be mD<Mld. If it wae. a..error would make
furtbtr decoding aod~ impossible. The
c10Ier we get to such aD "'ideal" system. the more fragile
the signal. tbe 10Dger the codiDg aod decoding delays, and
the more difficult the 1)IDChroaizaIio.

III the best c:wmlt systems. the data transmitted is very
far from being equally important. In 1dditi0ll. the concept
applies oo1y to poiDt..fO-pOiDt systems in which the receiver
CNR is well defined. It does not Ipply to broad<:asting.
in which very laqe differeaces in am are found from
ftlCeiver to ftlCeiwr.26 1bus tareItIial~ requires
a rethioJdna of tbe codiDg pl'Oblem ifoptimam use is to be
IIUIde of the limited spectlum 1bIl is aVIi1IbIe.

'lbe:re are two I(JII."OIICbe6 CbIt CIa be ....Usina high
powa'~ .....d'..!.••~ ODe solution
iDwlwsleif-oplllli"" lit iIIdlleOlher ICOGIdiDIIO the
....-at fA... _ c-. be IICCMled. 1be .... sboald be
• dole. paaIJIe to1be Shannm CIpIdty lit tbat teeeiw.r.
Neoeaadly,~ cIoes DOt .. imqes ofequal quality.
The second solation iDvolws makiDg the sipal stn:ngth.
aDd cbeR:fcxe the c:bIaDel c:apecity, as Deldy UDiform as
poaible Kl'08S the popnJlfion of receMn. 'Ibis can be
done by using a cellular network. of low-power transmitters.
all emitting the same program. If the transmitters in the
cellular netWork all operate on the same mquency, the
arrangement is called a single-fmquency network (SFN).
Tbe receiving area can be delineated almost arbitrarily by
the placement of the transmitters, and contiguous are';J5,
"iii! use the same channel for different programs. Thl'

2°11K broadca'llng problem. unfonuCi,:Hc!:, hJ.\ .'f1r:~, 11',1 vcr" : in)'
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number of independent program' lh~\l arc t<l be available
in each locality.

1) Multiresolutiofl by Combined Source and Channel Cod
ing: In analog systems, image quality necessarily deterio
raleS steadily with falling signal quality, primarily through
lower SNR 'The resulting soft threshold can be thought
of as a rough kind of self-optimization (The sound quality
remains aood at a sigaallevel dJat produces barely wat.eb
able images, aDd that is probably a good choice to malce
in DeW syscems). To lclUeve the very high COIDpJl:$Sion
nIio oeeded to transmit HDTV in a 6-MHz channel, at
least some diPal data must be transmitted. In digital
1r'aDSmission. tbere ~ no blown mediods of scumg a
soft duabold. i.e., of~ a continuously higher
dilibl data raIe from a c::ontinuously rising CNR.n Thus

'r.eccm:cy must be a stepwise affair, This means that the
soun:e coder mast organize its output into a namber of data
stl'C8lD& in wbicb the quality increases with the number of
screams~ The channel coder must pacbge these
data strams in the transmitted signal in such a way that the
number ofstreams recoveredi~ in a stepwise fashion
with receiver performance and with the signal strength at

the receiver termiDals. FmaUy, the receiver must make the
best pOssible picture from the recovered data at each level
of om. :

Resolution and SNR ire the two~ty f&ct<m
that depend on the amount of data recoVered.. There is
no CDDSeItSUS as to which should be varied the most
from level to level; MP£G2 provides both possibilioes
[12]. A small amount of white or high-frequency noise is
telative1y harmless, but an amount and cbarlIcter of noise
~uch different from what is now seen when reception
1$ deemed ac:ceptable is probably unwise. On the other
bIDd, tbere is clearly a very large to1enDce for resolution
~ u today's situation makes obvious. This is not
ODly tnIe for small m::eivers. wbic:h look sharp even when
tbe teI01utioo in absolute terms (Dumber of samples per
pican di.....ioo) is qde low. It is aIIo true for laqe
diIpIays. 1'beir ft:IOladon in ...., tamI is quite low,
bat dIey ~ llIe'Wdbelea pnIecred. In aidieDce tesCI. 81
MIT,.. Ib.e .. by fir tbe IDOIt impcx1ant filet« in
viewer prefereooe [13]. VteWiDg ug1e, wbich is of great
importance in subjective assessment ofTV displays, cannot
be CODtroIled by the system designer,
. These obsenrations provide eIIOUgb diftlction for. design
mg. a system using several levels of quality. We sball
~gnate such systems as using multiresolution (MR) c.od
mg as distinct from single-resolution (SR) coding, even
lOOughboth resolution and SNR may vary from level to
level.

')"; In 138). the author,; aC"..cnt)o:, a ~rrcad-'Spcctrutn rrK"lhod thal P!\·:llJcr ..,
a qU:l<"I-conttnuou.s til1c'\hold for th(' channd coder. it 1\ not ckaJ,.... ·wfhrt
;"dJIf\}: {I:~n"lorrn c~x'flr~--IC{l(';: In ,1 I)l'"l'., ,nlllHJOll' n1;lpn<'! w111 ,'",)<~,

pl,-llLl'- ,)ll,d,t'o ;\1 ;d! \,,\(

Fig. 1. PyrcuniJ Coding. This is the basic amllsement of a mul
tiruoluUoa system dIM pvvides &ood pic:ture quality III ew:try !.eve!
of performMCC. A klw-pus !ilu:r (2- or :HI) lIdec:u iDfCll1lllllioD
dial is fa M iIIcludod • the Iowat~ \em This is coded IIId
4eooded lIIId "- ....... 60m the Clri&iaII Yideo. A teCDDdlow..,.. Ileer pvrides iafCll1lllliall for die .xl' t II I)
Jew!, wtIictl is abo cocW. cIeoodecS IDd~ 60m die
~ iIIput video, ...~ decodecl .....-=h1t'Id
__ I8Y oodiIIc 4iIeartiaa is~ II) die \at w,bec
kwl far )11aeClllded__....die

lewis lie 31;1 IIf., _111. 1, -' II h".NlllIMc
0CllIIIIi.- !be ......... kwl willi....... t, • i l

levels lie NlllMftld II) procIace the belt Pc:mrt tbIl ca be aile
from 1he available data..

a) MlIbiruobaion sowce coding: 1bere is a ooasidetable
liunnue on MR systems, as they ue useful in a number
of applications, including browsing through image data
bases.28 An early paper coined the term "'pyramid coding"
for schemes in which a basic image could be upgraded
by addition of more information, as Ibown in Pig. I (1S].
The general idea was used in a Dumber of proposed
receiver·compatible HDTV systems for the US in which
enhane:emeot data, either bidden w:itbin the main signal
or transmitted in a scc:ond channel, would be added to a
st3Ddard NTSC signal (16].

A significant aspect of pyramid coding is that, to be
useful, all the picIures in the hierarchy must be free of
obvious defects such as riJiging (Gibbs phenomenon) due
to slw'p-cutting filters. To avoid this problem, the tiltel's
Ihat separate the several data streams must have a smooth
and not-too-rapld cutoff. As a result, the same frequency
compoaeot may be lepeseoted. in more than ODe stteam.
With e:KiIting codins teebDology, this~ in a peulty in
the qaality/compreaioa tndooff u compmxl with systems
cbat code Ibe eadre .. specuam in c.- -. In
...... "amid~~·a 1CaOWbIl ..... datamae."biabeIt1eYel1D__tbe...qaa1ity. that
of SR IY*DL 1biI is offIet by tbe Ibi1ity c:4 MR systems
to provide good pictnres, albeitof lower RI01alioo, 811o'ftr
data rates wbic:b permit P*t' coveRge. MR. systems can
also provide bisbee quality than SR systems when it is
possible to deUwr IIlOle data to tbe decoder.

b) MulfiJ'uolution chamnel OOding: For digital trans
~ion, it is sometimes suggested that unequal error pro
teeOon can be used to achieve multiresolution [17]. How
ever, the numbers do not work out very well. The amount
of error protection required at low CNR is very large and
leaves little room for the real data. Another proposal is to
subdlvlde the channel by frequency or time, using. conslelJa- .

r"Thl~ W<I\ S01nctlIT\CS caHed "propc~sl\ir tranSffiI5'.:l{,n . wtllch p:c 1
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tioas ofditfcna.tdeosity (different Dumbers ofbits/cycle) in
!be various IUbdumnels. This is also inefficient. since at the
dntboId CNR for a deD.se coasteUwon (Leo. finely quan
cized),lQhcbanoets with less dense constellatiODS (coarsely
quaatized) Ire very inefficient At. the present time, the best
known mecbod is to use a multilevel modulation scheme
such as die lIODUDiform c:outeIJ.tion as in Fig. 2.

Ju is cbe cae with MR SOURle coding, MR channel
cocIiDa is abo~ d6cieDt than SR coding at
cbe deIip dDahold of & latter. However, the MR system
becomeIlDCft dlicient tban the SR systeullt higher CNR
In .tditioa. cbe formec c:ao deliver pietmes. albeitof' lower
quality «ban that of the latter, at substantially lower OIR
dms exteDding the coverage uea.

c) Owtall perfOrmtlllU ofMR sy8t~ms: The variation
of receiver CNR with range for a typical current-day
UHF tlDSmiUing antenDa is shown in FJi. 3.29 Note that
the cUane1 Clplcity, which is pnIpOI:Uooal to the CNR,
deca: II FII by a factor of more tbaD four from the central to
tbe G.d:ymg IIa. ObviouslY.MDdiDa the same data rate to
aD receiwn wastes a peal deal " c:apecUy in just those
chi wbeIe ip6CAlam is ia IbaneIt supply.

III a~ is 1IIIdebltween die perfonDaDce
of sa. IIid NIl .,-. iD wbicb die deIip daIbold of
die..... 16c1B.1a1IIidl.sa..,....BDTV imqe
of 1IDiform'qaI1ity is cIeIlwnd ewrywbere tbe CNR is at
Ieut 16 cIB. aad DO pk:Cure Itall ii deIiYeaed bey<JOd that. In
the MRIystaD sbown, a low-reroludon imaF is delivered
from 6 to 16 dB. a medium l'eI01adon imaF It 16-26 dB,
an HD1V image similar to that of the SR system at 26-36
dB, and a bettec-than-HDTV image for CNR's in excess
of 36 dB. In qualitative terms, the MR scheme extends the

29This diaf:ram t:1kes account of the "'planoing factors" used by the
FCC in delennining coverage. Among other things. these factor.; deal
with the petttntage of times and percentages of locations lfi whICh the
glv~n reception conditions an" met Or eJ.c.eedcd. In the central area. ':.l~!n;'tl

strength is nearly constant TIllS 1'<, du~ 10 t.h<:- venlcal pronk ,--:1 lht,
transmitter's antenna he:am and In I,he jd~_t lh;n !.Ill" rr'('lV~W' ;~n1

ale n:\l.fl (Io,cr to ltv- f'1'lUl";

SC\lf{FlflFl< AIlVANClll 11 I 1 VI'.l' .,'; 'YSll MS lOF 11 Hkl: 1 \0 I ... 'f ( ,

_..
f1&. 3. \IriIrioft tJ/ OIR WillI &uIce. 11Ie~ law
docs lICIt .,..."..TV __...-.-.. 'l1liI •.'"
of iIs wrtiaI pnIIIe of III wei • 1Ii&b
......adoa 1& *'Ie·of die __ 0IuJac iIc::iBce
in dIis __ 6IId to cIi8IiIIIIh ¥«'J gpidly

widI diIIIIOI. ...., Fa: ...... faan. wIIidI rile with
diIuace, "'wIy field IlnlIIiIdI. produc:iDc die II:IlIIc
sbowL '!'be __ an: dx _-aalIona IieId
ICftiIIIIh ia die iaD«• ali aDd _ aaiform decreaa ill si&UI (m dB)
widI diIIIIOI. Note dill _ m..el capKiry. wIDc:b is pn1pClI1joclAl
10 om ill dB, is _ dIID foar times • bi&b dowarowIIlS III dx
thJesboJd of terVice. (DIla from Dr. O. BeocIov.)

service uea coosiderably beyond that of the SR system and
delivers superior pictures for rnR's higbee than 36 dB. The
price paid is a seduction in quality for rnR's between 16
and 26 dB. While tbese numbers Ire not associated with
any putic:Ular system. they are beliewd to be typical.

2) Sinjk-F1WIJIDICY NetwOrks: Although the SFN con
cept is DOt new, it was recently brought to prominence by its
proposed use in digital audio broadcasting in Europe [18}.
It is also used in some radio applications (19). The entire
service uea ofa station can be covered with a ceUular array
of same-frcqueocy low-power transmitters, or the array can
be used in the outer region and a single medium-power
transmiUec. or ew:n a saIeUite broadcast, can be used for
the central regioa. The various transmitta'S may be fed
by cable or in a different ch.nnel, or all lnIDSIDiuers may
derive tbeir IipaII from eadl 0Cber. The canien may be
identical 01' i...6XlaDy offJet. Some IlMXelIful field tests
bave been carded oat, but DO full-teale SFN bas yet been
impIc!IIIlClIall. 1bere is coali4enble 00IltnMlrSy ovecdetails
of 1he expected performauce (20].

Wtthin 1he ceUalar array, the signals from a group of
oeatby 1I'aDSIDiUets Ippe8f as multipelh It the receiver. The
amount of multipatb am be reduoed. but not eliminated,
by use of directional antennas [211. but it would be far
preferable to use simple antennas, perhaps omnidirectional,
in a large percentage of locations. Thus the multipath
perfonnance of the modulation and channel-coding sys
tem emerges as a principal concern. Multipath is a linear
dl<.tortion, equivalent to the effe<:t of a certam filter Its

w'> main effects are intersymbol Interference OSI) amI 3
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While the IDIin advantage of SFN's is spectrum effi
cieDcy, there are ocber advant.IFS as well. Service areas
can be of irMpIIr sbape.#;r4 can include~ that are
otbawiIe deDied receptiori bec:auIe of iDta'veniDg obstruc
.dOllS. Except for a DarroW region 110lIl die bbuDdary of the
service area, die traDsmission powu can be rUsed.:eDOUgh
10 duIt·~ is DO longer a factor in reception. EVeD so.
die totaI.emiUIeid power is much less tban that Deeded bia
.mp c::adralized ttansmitter.30 Note that the improvement
in specaam dlicieocy due to MR codiDg is less impor.
tant in SFN'. IbID in die cooveotioaal Iiogle-transmitter
amnpIIIeat However, die fICiliWioa. of the manufacture
offtlCllIiwn ofa n.oge ofprice aod petfomwtoe makes MR
coctiDa IldYID1apous in aU cues.

lSI clue 10 multipItb JeCIf'doa caa be removed by equal
iZIIioD Cll' by aae of 1IIUItH.aiel ftlOIIItioe as ditc:uJIed
Wow. Tbe CMI!CY, ooqIelity, IDd aoiIe pedOl'lDaDOe
of bee ..... are die ....

JJ II",..".JI~ Tbe drect (the
lSI) produced by a Jiveo Ie¥el of mraIIipdb dePends DOt
oaly OIl die total power IDd .-aive delay of the echoes but
alIo 011 die ratio of the tempol'I1apeed of die echoes to cbe
symbolleDstb of the sipal. In VHF IDd UHF ter1atrial
tnlDsmission. most echoes ooc:ur within about 20 pS of the
main signal. This does not cause much trouble with AM
or PM audio broadcasting, with a symbol length of about
25 IJS, but it produces heavy impairment in television, with
a symbol length of about 120 ns. Obviously, one way to
reduce (but not eliminate) the distortion is to divide the

JO Single lransrrullers are remarl<ably Inefficient in covering large· ar~.'l·

00 account of the very rapld d~..cre.a.s.e In signal strength wlth dlstan((' nr-a
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Insenmg after each symbol a guard Interval dunng which,
ponion of the symbol waveform is replicated. This permi r.;.
integrating each symbol over ilS symbol duration without
unintentionally including energy from symbols just before
or after the symbol being demodulated. 1be guard interval
itself must be longer than the multipath spread. Since the
guard intet'Val reduces the efficiency of the transmission.
it is edvislble to make the symbol long as compared with
the guard interVal, with a correspondingly large Dumber
of carries'S.

Frequeocy-divisiOD multiplex. as disc:ns.wd above, has
been improved by two cIe\odopments--«tboa..iutioo of
the modulated carriers 10 that DO baachridtb DCCllI be wasted
by using guard baods, aod implemeotaDOO by means of
the disc:tete Fourier transform [22]. The resulting system.
including ooding, is cI1led coded onbogoaa1 frequency
divisioo multiplex (COFDM). It is already used in some
modems for digital data transmissioo over telepbone lines,
aod is being p1anDcd for· use in digital audio broadcasting
in Europe [23]. It is the subject of a companion pape:t in
this journal [24].

Another important property of OFDM is that out-of-band
radiation is much less IbID in~ modulation
(SCM). 'Ibis is because ortbogoaality, as produced by
die disc:rete Fourier transform (OFI), makes the spectrum
of each modulated carrier have the shape (sin (w) / w)
ceotered OIl the carrier ftequency, with the zeroes placed
at the locations of the neighboring carriers. With hundreds,
or even thousands. of carriers.. the specttum thus decays
extremely rapidly at the edge of cbe cbannel. even without
filters.

The elimination of ISI by OFDM, although very vlluable,
is not a oomplete solution to the tnmsmiuioo problem, as
we must still deal with the noise caused by equa1izaDon of
the multipath dwmel Originally, the claim was made that
COFDM adds echo powu CODStiUctively, 10 that die eaor
rate adUally goes down with IIlOn' echoes. While it is tnle
tbat.~ owe aU recema. the powas of sipal and
&bc* do add, til is DOt true at.~ iDdivkIaal ftlCdver
('Ibe BEll aoes down in aame CMeI ~ up in otben).
Dapending OIl die paeciae c:banlctiet of the ecboes. deep
ootebes may be produced in Ibe IpeCtrUm. The wont case
is that ofa single echo of 0 dB, wbich produces ICCUa1 Dulls.
Da!a transmitted aa c:arriers at frequeDcies wbere the signal
str:eDgtb is very small is obviously less miablc. This c::ao be
dealt with by interleaving and coding, but it is clear that,
at some locations, transmission may be adversely affected.
One remedy is the use of directional antennas at those
locations. In most cases, these would not have to be very
elaborate, as it is only necessary to reduce the offending
ghost by 3-6 dB Simple dipoles would suffice in many
case:;

....Videband nulls can also lx' caused by radlo-fre.quenc\
rd' ", ')'l("\\:lll"" i\ "n]ullon ,n mnsl such :'V". of tIll'
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The tradeoff in complexity between receivers fo! SCM
and for OFDM involves the time-.domain equalizer used in
the fonner versus the DFf ~uired for the latter. In OFDM.
a f~uency-domain equalizer, which is far simpler than a
time-domain equalizer. is most natural. On the other hand,
OFDM ~uires the DFf operation, which is not needed
in SCM.

4) Di.fit4l wnw Hybrid~ In the "ideal"
I)'*lID discund in SedioIl m-D. we use hybrid aa-
IoI/diIlIIl ,h,j,a Tbis ...4Ued1y IOIIDS a quaint

idea fIUD the 10 thole wbo bPe joi.Ded the diIhal
.......... HowWI'. anfal ...,. of same specific
..... G codiDa .,...,.. Ibows dill diIiW tADsmillion
doe- DOt line II the IIdvIaIIaea dIimed for it. It is true
tbat same cIiIIIIl data IIIIJIt be~ in Older to
IdIIe¥e 1be WIt1 bi&b ClOIIIpl'eaioo~ated with motion
~ u.afcan coding. However. it is also ClUe

tbat ..... ct.Del-e:ocliq efticieDcy c:ao be achieved
widl Il7brid tJ¥Rnksioa. PiDaIlY. iarlcropcnbility is not
maIleria1Iy enhwwf by aIl~ tranmrission.

4)~ ejJici4nt:y: In motion-compensated
U'IIISfcan cocIiD& the amplitudes aDd identification of
llIJ1pti'vely~ tlaDlfcan cod6cients comprise the
bulk « 1be dIta to be IraDllDitled. 1D the GA system,
tis dIIa is joiIdy~3miDioD c:oefticients per
secoad at..4-6 to 1D Dct. 1be~ of the
lIqe coneIaIiclD betweea amplitude aud idadification (the
spatial bqaeDey of each selected c:oefticieDt) is~ that
not much would be lost by separately coding the two kinds
of daIL ('Ibis is disc:uued fudba' in Sec:doo m-D-l.)-If
tbe ICatiJtlcal madonstdp amoog the coefti<:ient amplitudes
tbeIIIIelves is DOt utilized in the coding scheme. there is
nothing to be pined by qwmtiring the amplitudes before
transmillioo. "lbat simply acids quaatizadoo noise. Analog
.,...itIioa WOIb well in tis cue. Tbe dIla that must be
u-smhtied pel' coe:f&cient in • hybrid S)'IteID is one analog
AIIIpIe plus less &ban ODe btL AU·ocber upects of MPEG
codiq CID be aed with hybrid......... traosmission.
10 IbIl ClOIDpIrIbIe ClClIDpI'eIIioa adoI C*l be acbieved.

6) c:::r...I~~ In SedioIl n-A-2, we
paiaIed oat tbIl, wbeIl IMIoI iafcwmetion (such as
1be amplitDde of tnIIIforIIl c:oeftldeats) is sampled and
qanriad for disitU tmJI'Dillioo in an aaalog channel,
the Ieqt1inlmeats for 8ChieviD& • taNmiaioD rate close to
the SbIanon rate iDcluck very fiDe quaotization combined
with vecy effective error correction. Note that noise
added to these coefficients produces no catastrophe in

31 A siog1e cebo causes die tieqaeoc:y IeS)JOQSC to undu\ale oVet" til<'
baa<! with a freqllCllCY separalioa betwcea peaks equal to the n::ciprocal
of die relative delays. U me relative delay is compan.b\e to the reciprocal
of the radio-frequency (RF) bandwidth. a singk cycle of the undulation
is about as wide as the rf band. Assuming that the signals ex>me from
different directions. the null can thetl be moved a great deal hy sh",ftmr
me anlenna on the order of on" wavelength, In general. the an'""''' h,,'
10 be moved on the order of the velocity of hght (e) mulup"d !I"

relativ(> <1<:13\' 10e ~xact amounI depend ... on the d,rcetJons 01 tllr .
rl)r 1<'\;I'Ll\\~ deL!"',,'., of n\(!f'.- I! .. !" \' U':;"'itj.1 d 1.......:t\llV \' 0,·\1 I" ,

r~, [I', I "lTlI.\ \ \\\:.~. r'lI: fhey JHTd nnl h(' t'ntllcl

1 I . I , I i I, ! l. " ~1 \ I, fIt' I . I-t '( {l1! I I It' Ji ) (. , ) ; , ' \ J ! j , .. ': [ 'j \ ' r 1~ .

tr;.lIl~11l1,....lOn III t\1Pl',Cj ilke :.\,I,"II)~ ;111"':.11"1111'111<1 ",dll

of t.he amplitudes ""ah the <ldaplivc-sc\cctlon daw. f'lI

which errors produce serious image defects On thc othel

hand. analog transmission of the coefficient amplitudes can
readily achieve the full Shannon capacity. and it can do this
for a range of CNR, and not only the~holdCNR. For the
peak-power-limited additive-white-noise analog channel, if
the coefficients comprise a train of utlCOtlelated analog
samples of UDiform amplitude probability distribution. the
mubI8l iDformatioo (t.e.. wbat the aoisy output signal
tells us Iboat the DOiIeIess iDput sipIl) is equal to the
SbIImoo CII*itY « the ... c:b.-l in wbicb cbey
are CJ'INI1t11fed (For III RMS-power~,c:bannel. a
GaustiM diMdbudoG is optimam.) ,

Since the coemcieIlts to be cocIecl cepeaeat ctiffereacial
data. i.e., ptedicd.oa error.1Ilcl1Dlllt tbenlcn be iDtepaled
to~ the deIiNd output, it may be tbooght that analog
transmiaioo CIlIDOt be aed bec:auae of the possibility of a
eatasttopbic acc:umulldoo of noise in the dccodec output
The ooelIicieats in Ibe.ir aaalog form have precisely zero
-venae value., as does the cbIlIDd DOiIe. The avenge is
approacbed fast enough so Ibat no eatastropbe occurs, as
we have demooItDted in'our simulation. The "integrator'
in this cue can have zero respoose It r.ero frequency and
stiU produce the desinld outpuL

c) 1nuIoperabUity: Tbe difficulty of tmw;:ndiog be
tweeD two ctiffereot video sipWs is pimarUy a function
of their relative sampliDg grids, It makes little ctiffCRQOe if
the sipals are in digital or analog form, sinc:e conversion
from one form to the other is radI« simple. If the signals~
compressed. it is seoeraUY necessary to convert to uncoded
form to do lIlY tnnseoding at all.

The fact chat the two systems have differeat spatial
sampling frequencies does not present much of a problem
since the sampling theorem provides the tbcoretical basis
for moving from ODe grid to 1lIOtber. In. paaioe. filIUS
should be c:boseo with due repn1 for pm:eptual effects
(25]. Different temporal sampliDg ntea. boweYer. always
cause trouble. Tbia is bec:8aIe temporal aliaIiD& is aoearly
always preeeat..... 1IIIOCioIlisle!'1bIDODe 1IIIIpIeIbme.
The IUMiDa pIIIIy iDIIibiU -ripxal ftJtedaa. wbidl is
p.'OIIe to produce...llICb ......... imIIeL Wdh the
8IDOUDt of 1DOCiGl CXlCDiIIMlIIly eDCMn." ... of even
blJlldn:lds of fnaDesIs is inI1IfIicieat to allow the elimjnarion
of temporal aIiuiog witbout excessive blurriDg. Blw:ring of
moving objects is counted .. a defect to such III extent that
e1ecb:onic shutters are sometimes used altbougb this makes
the aliasing worse.

Good temporal interpolation can only be done if motion
compensation is used. While this is quite complex. good
results can be achieved. In Ph.D. dissertations by Mar
tinez and Krause (26J, essentially flawless transcoding was
demonstrated with arbitrary ratios of frame rates,

Another facto! in interoperability is the complexity of

h.' !cblJ<Jnship hctwe.cn the trammitted sif'na\ alld [he'

I';, ,)(ied "Ideo .'.1 L' Ilal that It repreSell{S, lil.f!.h (om!""\\i,'"


